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Abstract. The paper presents the results of studying structural properties inherent to 
chalcogenide glasses doped with manganese. Investigations of the structure were carried 
out using Raman spectroscopy and X-ray diffraction. The function of radial distribution 
of atomic density and Raman spectra have been obtained and analyzed. 
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1. Introduction  
Chalcogenide glasses (ChGs) are typical representatives 
of non-oxide glasses. These glassy alloys consist of 
elements belonging to the fifth (As, Sb) or fourth (Si, 
Ge) groups in Periodic Table and chalcogens (S, Se, Te). 
Distinctive features of these glasses are as follows: a 
wide range of transparency in the infrared region of the 
spectrum and high values of linear and nonlinear 
refractive indexes. ChGs have great potential for many 
applications including security screening, 
pharmaceutical, biological or medical science analysis, 
fabrication of optical elements, sensor and information 
technology and environmental monitoring, etc. 
Special interest for their applications is related with 
chalcogenide glasses doped with optically active rare-
earth and transition metal ions, because they alter 
electrical, thermophysical, mechanical, magnetic and 
optical properties of the host material due to structural 
and electronic changes of the glass network [1-4].  
In this work, the influence of transition element 
(Mn) doping on structural properties of As2Se3 
chalcogenide glass was studied. 
2. Experiments and methods 
As2Se3 glasses with the manganese concentrations 2 and 
5 wt.% were prepared by the melt-quenching technique. 
The amorphous nature of the samples was verified at 
room temperature by X-ray diffraction (XRD) technique 
using ARL X’tra (Thermo scientific) diffractometer 
equipped with a copper tube. The voltage on the tube 
amounted to 45 kV, current – 30 mA. The scattering 
intensities were measured over an angular range of  
2°≤ θ ≤ 140° with a step-size of Δ(θ) = 0.2° and a count 
time of 5 s per step.  
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Room temperature Raman spectra were recorded 
using Fourier spectrophotometer Bruker IFS-55 Equinox 
with FRA-106 attachment (with measurement step  
1 cm–1). Nd:YAG laser light at 1.06 μm wavelength was 
used for excitation. 
3. Results and discussion 
3.1. XRD experiments 
The experimental XRD profiles (Fig. 1) confirm the 
amorphous nature of the chalcogenide glass, which is a 
disordered system without long-range order and three-
dimensional periodicity. The short-range order of the 
disordered system can be described with a radial 
distribution function of the atomic density (RDF) [5-9]. 
RDF is a spherically symmetric function with several 
peaks corresponding to the nearest neighbors, and allows 
to find the interatomic distance r. 
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Fig. 1. The angular dependence of the X-rays scattered 
intensity for Mn doped As2Se3.  
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Fig. 2. The RDF profiles for Mn doped As2Se3 with Mn 
concentration (0, 2 and 5%) (the plots are shifted along the  
y-axis for clarity). 
The RDF method is based on the dependence 
between the radial distribution function of atomic 
density ρ(r) and the intensity of coherent X-ray 
scattering. In the case of monoatomic system, this 
relationship is described as follows (1): 
( ) ( ) ( )dssrsisrrrr sin244
0
0
22 ⋅⋅π+ρπ=ρπ ∫
∞
  (1) 
where r is the interatomic distance, ρ0 is the average 
atomic density, s is the magnitude of scattering vector 
and i(s) is the intensity of coherent X-ray scattering. 
In Fig. 2, we demonstrate the calculated RDF 
profiles for Mn doped As2Se3 samples with the Mn 
concentration 0, 2 and 5%. As can be seen, addition of 
manganese does not significantly affect the structure of 
RDF profile. Also, the peaks positions of the RDF were 
not changed after the Mn introduction. 
3.2. Fourier Raman spectra 
From Fourier Raman spectra, information (Fig. 3a) on 
the structural changes in As–Se glasses doped with 
transition metals was obtained. Introduction of these 
dopants leads to the concentration increase of non-
stoichiometric molecular fragments. 
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Fig. 3. a – Raman spectrum of As2Se3 manganese doped in 
different concentrations; b – enlarged fragment of the Raman 
spectrum at 460 cm–1. 
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Introduction of manganese leads to the intensity 
increase 112, 138, 148, 158, 171, 180 cm–1 bands 
corresponding of non-stoichiometric molecular 
fragments containing homopolar As-As bonds and 
decreasing intensity of 460 cm–1 band (Fig. 3b) 
corresponding of Se-Se bonds [10]. The most intense 
bands at 208, 225 cm–1 Raman spectra of As2Se3 glasses 
within the molecular approach may be assigned to 
symmetric and antisymmetric vibrations of AsSe3 
structural units. 
The main feature of Raman spectra after 
introduction of manganese into As2Se3 glass matrix is in 
the change of relative concentration of the main and 
non-stoichiometric structural elements typical for As2Se3 
glasses. 
4. Conclusions 
Thus, the performed studies have shown that the 
introduction of transition metals (e.g., manganese) 
doesn’t substantially affect the positions of the first 
coordination sphere radii. Introduction of manganese 
leads to increase of the relative intensity of the bands 
corresponding to non-stoichiometric molecular 
fragments with homopolar As-As bonds and decreasing 
intensity of 460 cm–1 corresponding to Se-Se bonds. 
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